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Description

BACKGROUND

[0001] In a typical wireless communication network,
wireless devices, also knownaswireless communication
devices, mobile stations, stations (STA) and/or user
equipments (UE), communicate via a Radio Access Net-
work (RAN) to oneormore core networks (CN). TheRAN
covers a geographical area which is divided into service
areas or cell areas, which may also be referred to as a
beamorabeamgroup,witheachserviceareaor cell area
being served by a radio network node such as a radio
access node e.g., a Wi-Fi access point or a radio base
station (RBS), which in some networks may also be
denoted, for example, a "NodeB" or "eNodeB". A service
area or cell area is a geographical area where radio
coverage is provided by the radio network node. The
radio network node communicates over an air interface
operating on radio frequencies with the wireless device
within range of the radio network node.
[0002] Specifications for the Evolved Packet System
(EPS), also called a Fourth Generation (4G) network,
have been completed within the 3rd Generation Partner-
ship Project (3GPP) and this work continues in the com-
ing 3GPP releases, for example to specify a Fifth Gen-
eration (5G) network. The EPS comprises the Evolved
Universal Terrestrial Radio Access Network (E-UTRAN),
also known as the Long Term Evolution (LTE) radio
access network, and the Evolved Packet Core (EPC),
also known asSystemArchitecture Evolution (SAE) core
network.
[0003] Long Term Evolution (LTE) includes a discon-
tinuous reception (DRX) mode to conserve the battery of
a terminal device. When DRX mode is configured in a
terminal device, the terminal device is able to turn its
receiver off and enter a low-power state, waking for
defined (periodic) phases to listen for scheduling mes-
sages or other wireless communications. For example,
when the terminal device is in a DRX sleep state, it does
not need to listen on the physical downlink control chan-
nel (PDCCH). When the terminal device is in the DRX
active state, it must normally listen on the PDCCH to wait
for potential schedulingmessages from the network (e.g.
from the eNodeB).
[0004] According to the 3rd Generation Partnership
Project (3GPP) media access control (MAC) standard
for LTE (Technical Specification Group 36.321, version
12.9.0), the terminal device is in the DRX active state
whenany of the conditions specified in section 5.7 is true,
that is to say:

1 DRX parameters are not configured; or
2 DRX parameters are configured and
2.1 drx-InactivityTimer is running; or
2.2 drx-RetransmissionTimer is running; or
2.3 mac-ContentionResolutionTimer is running; or
2.4 aSchedulingRequest sent on thephysical uplink

control channel (PUCCH) is pending; or
2.5 an uplink grant for a pending hybrid automatic
repeat request (HARQ) retransmission can occur
and there is data in the corresponding HARQ buffer;
or
2.6 a PDCCH indicating a new transmission ad-
dressed to the C-RNTI of the terminal device has
not been received after successful reception of a
RandomAccessResponse for the explicitly signaled
preamble (only applicable to terminal devices in
RRC_CONNECTED).

[0005] If none of these conditions is true, then the
terminal device is in the DRX sleep state, (i.e. when its
receiver is turned off).
[0006] A terminal device in RRC_CONNECTED state
andwhichhasbeenconfiguredwith theDRXfunctioncan
be configured with both a long DRX cycle and a short
DRX cycle. The intention with the long DRX cycle is that
the terminal device should be able to sleep for a long time
and wake up only periodically to listen for any new
scheduling requests. The intention with the short DRX
cycle is that the terminal device should be awake more
frequently than in the long DRX cycle to listen for any
scheduling requests. Those time periods when the term-
inal device is awake to listen for scheduling messages
may be referred to as OnDuration periods, and are con-
figured for a certain time duration. The scheduling mes-
sages sent from the UE to a network node may e.g. be a
downlink assignment.
[0007] When the terminal device is scheduled, an in-
activity timer called drx-InactivityTimer is started and
while this timer is running the terminal device is awake
to listen for any scheduling requests. When the drx-In-
activityTimer expires, the terminal device will go to short
DRX sleep, if configured, otherwise the terminal device
will go to long DRX sleep.
[0008] If the terminal device has not been scheduled
for a configured number of short DRX cycles the terminal
device will go to long DRX sleep.
[0009] However, using a large value for the drx-lnacti-
vityTimer (such as 200 ms) will in many cases cause the
terminal device to be awake for much longer than neces-
sary which will increase the power consumption in the
network.
[0010] US 2005/063331 A1 (KIM SO-HYUN [KR] ET
AL), published on 24 March 2005, discloses using a
wake-up message to indicate to an apparatus to exit a
sleeping state and enter an awake state.
[0011] US 2014/050133 A1 (JAFARIANAMIN [US] ET
AL)publishedon20February2014, discloses receivinga
wake-up signal and activating a transceiver in response
to the reception.

SUMMARY

[0012] It is an object of embodiments herein to en-
hance performance of a wireless communications net-
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work, in particular to reduce energy consumption of a UE
in the wireless communications network.
[0013] Embodiments herein relate to a UE, a network
node and methods therein. According to a first aspect of
embodiments herein, the object is achieved by amethod,
performed by a User Equipment (UE), according to in-
dependent claim 1.
[0014] According to a second aspect of embodiments
herein, the object is achieved by amethod, performed by
a network node, according to independent claim 5.
[0015] According to a third aspect of embodiments
herein, the object is achieved by a User Equipment
(UE), according to independent claim 9.
[0016] According to a fourth aspect of embodiments
herein, the object is achieved by a network node accord-
ing to independent claim 11.
[0017] Moreover, a computer program is provided ac-
cording to independent claim 13 and a computer-read-
able storage medium is provided according to indepen-
dent claim 14. Preferred embodiments are provided by
the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Examples of embodiments herein are de-
scribed in more detail with reference to attached draw-
ings in which:

Figure 1 is a schematic block diagram illustrating a
DRX operation in E-UTRAN,

Figure 2 is a schematic block diagram illustrating
embodiments of a wireless communica-
tions network,

Figure 3 is a flowchart depicting embodiments of a
method performed in a UE,

Figure 4a is a schematic block diagram of a DRX op-
eration according to a first embodiment
herein,

Figure 4b is a schematic block diagram of a DRX op-
eration according to a first embodiment
herein,

Figure 5 is a flowchart depicting embodiments of a
method performed in a network node,

Figure 6 is a schematic block diagram illustrating
some first embodiments of a UE,

Figure 7 is a schematic block diagram illustrating
some second embodiments of a UE,

Figure 8 is a schematic block diagram illustrating
some first embodiments of a network node,

Figure 9 is a schematic block diagram illustrating
some second embodiments of a network
node.

DETAILED DESCRIPTION

[0019] As part of developing embodiments, a problem
will first be identified and discussed. Please note that the
terms "UE" and "user equipment" are used interchange-

ably in this document.
[0020] 3GPP contribution R2‑165572 (http://
www.3gpp.org/ftp/tsg_ran/WG2_RL2/TSGR2_95/Docs/
R2-165572.zip) submitted to the 3GPPRANWG2meet-
ing points at a problem in the UE to support connected
mode DRX as it is currently defined in 3GPP.

<begin of text copied from R2‑165572>

2. Discontinuous Reception (DRX)

[0021] Figure 1 shows a typical ConnectedMode DRX
(C-DRX) operation in E-UTRAN. The UE wakes up,
whichmay also be referred to as entering an onDuration,
once every DRX cycle to monitor the downlink during its
ON duration. If the UE successfully decodes a Physical
Downlink Control Channel (PDCCH) for a first transmis-
sion, the UE stays awake to receive on the downlink.
Following any new data/signaling reception, the UE (re‑)
startsan inactivity timer.TheUE re-entersDRXoperation
if the inactivity timer expires or if a MAC Control Element
(CE) indicating "DRX" is received. In bothcases, theDRX
cycle that theUE followsafter re-enteringDRX isgivenby
the following rules:

- When a short DRX cycle is configured; the UE first
follows the short DRX cycle and after a longer period
of inactivity the UE follows the long DRX cycle;

- Else the UE follows the long DRX cycle directly

[0022] However, Connected Mode DRX is not as
power efficient as IDLE Mode DRX (I-DRX). Below a
few related aspects are discussed:

1. The UE is expected to be able to receive data
payload during and immediately following the ON
duration. This consumes more power than page
monitoring during paging occasion in IDLE mode
where the UE is not expected to receive data im-
mediately following the paging occasion.
2. Typical setting for LTE C-DRX ON duration is
observed tobemuch larger compared to 1mspaging
occasion in IDLEmode.Asa result theUEhas tostay
awake longer in C-DRX even if there is no data
scheduled for the UE.
3. Typical setting for LTE C-DRX inactivity timer is
observed to be of the order of 100ms from field data.
With client to application server RTT’s typically less
than 100ms and multiple simultaneous connections
supported by most applications, such a setting does
not fully exploit the bursty nature of traffic as the
device will very likely receive data before the
100msof inactivity timer expires. As a consequence,
thedevicewouldstayawake foralmost theentiretyof
its data transaction.

[0023] Thus, the following has been observed:
Observation 1: A C-DRX scheme which requires the UE
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to be able to receive data immediately following its C-
DRX ON duration is not as power efficient for the UE as
monitoring the paging occasion in I-DRX

<end of text copied from R2‑165572>

[0024] Regarding the validity of the problem described
in R2‑165572 it is herein disagreed with that it is com-
monly acknowledged that Connected mode DRX is not
as power efficient as IDLE Mode DRX (I-DRX). It is
however acknowledged that this may be so in some
devices, depending on e.g. the implementation etc.
[0025] The problem, i.e. the increased power con-
sumption in Connected-DRX, stems from the fact that
a legacyUE is required to be able to receive data payload
duringand immediately following theONduration, theUE
is also expected to decode the data received during the
OnDuration and provide HARQ feedback n milliseconds
after reception, where n typically corresponds to 4 ms.
This consumes more power compared to paging in IDLE
state, since the UE immediately has to process the
information it receives during theONduration since there
may be data scheduled for the UE. In Idle mode the UE
has more time to process the paging channel since the
Page response is not required to be sent immediately, it
can e.g. be sent in the next or even in a later Random
Access Channel (RACH) slot, which does not have to be
in every TTI. In order to perform the delay sensitive
processing in connected mode DRX, the UE needs to
have more processing hardware (HW) activated which
consumesmore power. The advantage of theConnected
mode DRX solution is a shorter delay compared to the
IDLE mode procedure, since the UE may receive data
immediately. In the IDLE mode procedure however, the
UE needs to first send a page response message to the
network which adds at least one RTT delay, plus the time
it takes to wait for the next RACH slot.
[0026] Hence,embodimentshereindescribe improved
methods for handling DRX operation, which may also be
referred to asmethods forDRXhandling,which improves
performance and energy consumption of the UE. It will
sometimes say that the UE is in DRX state and is not
monitoring certain channels. However, it should be ap-
preciated that the DRX feature may only put require-
ments on when the UE shall be "awake", e.g. be in a
non-power-saving-state, and not dictate when the UE
shall not be "awake", e.g. be in a sleeping state or a
power-saving-state. This means that the UE may be
allowed to be in an "awake"/non-power-saving-state all
the time, even if the DRX configuration does not require
the UE to be in such a state.
[0027] It should further be appreciated that while the
examples herein state that a UE is communicating with a
network node, such as an eNB, it would also be possible
to apply the embodiments herein to communication be-
tween any types of nodes. For example, in D2D-commu-
nication where two or more UEs are communicating with
each other. In D2D communication the actions described

herein asbeingperformedby thenetworknode,mayalso
be performed by a second UE.
[0028] Embodiments herein relate to communication
networks in general. Fig. 2 is a schematic overview
depicting a communication network 100. The commu-
nication network 100may be a wireless communications
network comprising one or more RANs and one or more
CNs.Thecommunicationnetwork100mayuseanumber
of different technologies, such as Wi-Fi, Long Term Evo-
lution (LTE), LTE-Advanced, 5G, Wideband Code Divi-
sion Multiple Access (WCDMA), Global System for Mo-
bile communications/enhanced Data rate for GSM Evo-
lution (GSM/EDGE), Worldwide Interoperability for Mi-
crowave Access (WiMax), or Ultra Mobile Broadband
(UMB), just to mention a few possible implementations.
Embodiments herein relate to recent technology trends
that are of particular interest in a 5G context, however,
embodiments are also applicable in further development
of the existing wireless communication systems such as
e.g. WCDMA and LTE.
[0029] In the wireless communication network 1, wire-
less devices such as e.g. a UE 120. It should be under-
stoodby thepersonskilled in theart that "wirelessdevice"
is a nonlimiting term which means any terminal, wireless
communication terminal, user equipment, Machine Type
Communication (MTC) device, Device to Device (D2D)
terminal, or nodee.g. smart phone, laptop,mobile phone,
sensor, relay, mobile tablets or even a small base station
communicating within a cell.
[0030] Thewireless communication network 100 com-
prisesanetworknodesuchasa radionetworknode110
providing radio coverage over a geographical area, a
service area 11, which may also be referred to as a
beam or a beam group where the group of beams is
covering the service area of a first radio access technol-
ogy (RAT), such as 5G, LTE, Wi-Fi or similar. The radio
network node 110 may be a transmission and reception
point e.g. a radio access network node such as a Wire-
less Local Area Network (WLAN) access point or an
Access Point Station (AP STA), an access controller, a
base station, e.g. a radio base station such as a NodeB,
an evolved Node B (eNB, eNode B), a base transceiver
station, a radio remote unit, an Access Point Base Sta-
tion, a base station router, a transmission arrangement of
a radio base station, a stand-alone access point or any
other network unit capable of communicating with a
wireless device within the service area served by the
radio network node 110 depending e.g. on the first radio
access technology and terminology used. The radio net-
work node 110 may be referred to as a serving radio
network node and communicates with the wireless de-
vice120withDownlink (DL) transmissions to thewireless
device 10 and Uplink (UL) transmissions from the wire-
less device 120.
[0031] Figure 3 discloses a flowchart depicting embo-
diments of a method performed by the UE 120, for
handling DRX operation. Handling DRX shall herein be
interpreted ashandling theoperation of theDRX, suchas
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e.g. handling the duration of the DRX cycles. Actions
performed in some embodiments only are marked with
dashed boxes.
[0032] Action 301: In some embodiments the UE 120
may receive a message comprising information regard-
ing actions to be delayed from a network node 110. The
message may comprise only an indication that actions
may be delayed. The actions to apply the delay tomay be
specified in a specification. In some further embodiments
the message may however also comprise information
about e.g. which action or which actions to apply the
delay to, the amount of time the action(s) should be
delayed, whichmay also be referred to as delay duration,
and/or conditions for when the delays should be applied.
The conditionsmay e.g. be the type of DRX-cycle the UE
applies, see also "Conditional applying of behaviors".
[0033] In some embodiments the action may be a
decoding of a received signal, the information may e.g.
comprise a decoding delay to be applied to signals re-
ceived by the UE 120 during a predetermined first time
period from the entering of an active state. The active
state may be a semi-awake state in which the UE listens
for a specific signal which may be received using only a
part of a radio unit. The specific signal may e.g. be a
signal which is easy to decode. The active state may in
some embodiments e.g. be a DRX onDuration period.
[0034] Theactionmayalsobeanexitingof aDRXstate
and the information may comprise an indication that the
UE 120 shall exit an inactive state. In this case the
information may further comprise a time period within
which the UE 120 is required to exit an inactive state.
[0035] Action 302: The UE 120 may receive data
and/or signalingwhen theUEhasenteredanactivestate.
[0036] Action 303: The UE 120 applies a delay for at
least one action performed as a response to data and/or
signaling received by theUE120 during apredefined first
time period TA after the UE 120 has entered an active
state, which in Example embodiment C, that will be
described in the following, is referred to as that the UE
woke up recently. In the following the wording predefined
and predetermined may be used interchangeably. The
UE 120 may apply the delay according to information
comprised in the message received from the network
node 110.
[0037] In some embodiments the action may be a
decoding of a received signal. The UE 120 may apply
a first decoding delay D1 for signals received by the UE
120 during the predefined first time period from the en-
tering of the active state. The predefined first time period
TAmay be one ormore Transmission Time Intervals, TTl.
The UE 120 may further apply a second decoding delay
D2 for signals receivedby theUE120after thepredefined
first time period TA from entering the active state. The
second coding delay D2 may be shorter than the first
coding delay D1, hence the first decoding delay is an
increased decoding delay. TheUE 120may further apply
the delay by applying the first decoding delay D1 to data
and/or signaling received during the active state. TheUE

120 may reduce or remove the coding delay when the
time from entering the active state has exceeded the
predetermined first time period, i.e. when the UE 120
has been in the active state for a longer time than the
predetermined first time period. The predetermined first
time periodmay herein also be referred to as the first time
limit. In the following, theUE120being inactive statemay
also be referred to as the UE 120 being awake. This
embodiment corresponds to the Example Embodiment
A described below.
[0038] In some second embodiments the action may
be a transmission of a HARQ feedback. The UE may
apply the delay by delaying the transmission of HARQ
feedback for DownLink (DL) and/or UpLink (UL) data
during a predetermined second time period after the
UEhas entered theDRXonDuration. The predetermined
second time period may be one or more Transmission
Time Interval(s) (TTI).
[0039] In some embodiments herein the actionmay be
a transmission of Hybrid Automatic Repeat Request
(HARQ) feedback. The UE 120 may apply the delay by
delaying the transmission of HARQ feedback for down-
link (DL) and/or uplink (UL) data during a predefined
second timeperiodTB,whichmayherein alsobe referred
to as a time limit, after the UE 120 has entered the active
state, i.e. when theUEhas not been awake formore than
the predetermined second time period TB,, see also
Example embodiment B. The predefined second time
period TB may be one or more TTls. The UE 120 may in
some embodiments also omit to send a HARQ feedback
for DL and/or UL data during the predefined second time
period TB after the UE 120 has entered the active state,
such as e.g. the DRX onDuration. This embodiment
corresponds to the Example Embodiment B described
below.
[0040] In some embodiments the action may be a
starting of a timer. The UE 120 may apply the delay by
applying a delayed starting of the timer during a prede-
fined third timeperiodTCafter theUE120hasentered the
active state, i.e. if the UE 120 has been in the active state
for a shorter time than Tc. If the UE 120 has been awake
for less than the third time period TC, the starting of the
timer may be delayed until the third time period TC has
passed. Hence, the UE 120 may start the timer at a first
point in time fromaneventwhen theUE120after the third
time period TC has passed and start the timer at a second
point in time froman event within the third time period TC,
see also Example embodiment C. The timer may e.g. be
an inactivityTimer. The predetermined third time period
TC may be one or more TTls. The UE 120 may in some
embodiments apply an adjusted duration of the timer
when a delayed starting of the timer has been applied.
Thereby the the expiry of the timer may be the same
regardless if the UE 120 did a delayed start or a non-
delayed start of the timer. This embodiment corresponds
to the Example Embodiment C described below.
[0041] In someembodimentsherein, theactionmaybe
an entering of a DRX state. When the UE 120 has
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receivedan indication fromanetworknode110 indicating
that the UE 120 shall enter an active state, which may
alsobe referred toas theUE120enteringanawakestate,
when it has been inactive, which may also be referred to
as have been sleeping, the UE 120 may apply the delay
byapplyingadelay to theenteringof theactive state. This
embodiment corresponds to theExampleEmbodimentD
described below.
[0042] The predefined first, second and third time per-
iods TA, TB, TC are shorter than the active state period for
receiving data and/or signaling. The predetermined time
periods TA, TB, TC may be one or more Transmission
Time Interval(s) (TTI).
[0043] Example Embodiment A: According to some
first embodiments herein the UE may conditionally de-
code a signal received from the network, such as e.g.
from a network node, with a longer delay depending on a
configuration received from the network and/or on how
long theUEhasbeen in anawake state. For example, the
UE may apply a longer decoding delay D1 if the UE has
been awake less than a time TA, while applying a shorter
decoding delay D2 if the UE has been awake for longer
than time TA.
[0044] An example of this is illustrated in figure 4a (T =
2). If the UE 120 is, according to the DRX-configuration,
required to be awake in TTIN,N+1, N+2andN+3, theUE
120 would according to this embodiment be allowed to
apply a longer decoding delay in TTI N and N+1 than it
would be allowed to apply in TTI N+2 and N+3. This is
because the UE 120 in TTI N and N+1 would not have
been awake for 2 TTls yet, but in TTIN+2 andN+3 theUE
hasbeenawake for T=2TTls andhence theUE120may
apply a shorter decoding delay.
[0045] TheUE120mayof coursebeallowed todecode
the message quickly, however the intention of the embo-
diments herein is to allow the UE 120 to decode slower
whichmay save power. TheUE 120may only be allowed
to apply this slow decoding for a certain period of time
after it has entered active state, whichmay herein also be
referred to as active time. For example, if the UE 120
wakes up from an inactive state, such as e.g. non-active
time according to a DRX configuration, the UE 120 may
be allowed to apply the slow decoding only for a short
period of time, suchas e.g. a fewTTls, after it has entered
active time which may also be referred to the UE 120
being awake.
[0046] The UE 120 may be allowed to apply slow
decoding only during an OnDuration, i.e. data needs to
be received during subframes corresponding to an On-
Duration timer. The OnDuration may herein also be re-
ferred to as aDRXOnDuration. Furthermore, theUE 120
may be instructed to apply slow decoding during the
OnDuration timer associated with the long DRX cycle.
The onDurationTimer specifies the number of consecu-
tive PDCCH-subframe(s) at the beginning of each DRX
Cycle (DRX ON), i.e. the number of subframes over
which the UE shall read PDCCH during every DRX cycle
before entering a power saving mode.

[0047] The appended claims are based on Embodi-
ment D, other embodiments are provided as examples
useful for understanding the invention.
[0048] Example Embodiment B: According to some
second embodiments herein, the UE 120 may omit or
delay HARQ feedback when the UE 120 has not been
awake for more than a time TB. Alternatively, the UE 120
may omit or delay HARQ feedback if it has not been
awake during the past time TB. The UE 120 behavior for
which conditions to omit or delay feedback could be
hardcoded in the standard or configured by the network,
e.g. by means of the network node 110, using signaling.
[0049] In one embodiment the UE 120 may omit or
delay HARQ feedback for DL and UL data received
during the OnDuration timer of the long DRX cycle.
[0050] This would for example allow the transmitter in
the UE 120 to be turned off longer periods of time since
theUE120may not need to start theUL transmitter in the
UE 120 prior to determining that anything has been
received which requires feedback. For example, in LTE
today theUE 120 should respondwith HARQ feedback 4
TTlsafter theUE120has receivedsomething indownlink
to ACK/NACK the reception. So if the UE 120 is in
onDuration, i.e. when the onDuration timer is running,
in TTI N, the UE 120 would need to ensure that the
transmitter needs tobeawakeat timeN+4 to beprepared
tosend feedback.Thismay require theUE120 tostart the
uplink transmitted before N+4 , and maybe even before
the UE 120 has decoded downlink and knows whether
the UE 120 needs to respond with HARQ feedback at all.
This would therefore result in that the UE 120 would
activate the uplink transmitter unnecessarily since the
UE would activate the uplink transmitter even if the UE
120 does not detect any downlink transmission (and
hence no feedback should be sent). Hence this embodi-
ment could allow the UE 120 to activate the uplink trans-
mitter only when theUE120 has detected a transmission
from thenetworkandhenceonlywhen feedbackneeds to
be transmittedandhencepower couldbesaved in theUE
120.
[0051] Example Embodiment C: According to the
DRX-feature in LTE the UE 120 is applying an "inactivi-
tyTimer" which is started in response to communication
with the network. E.g. if the network schedules the UE
120 for anuplink transmission theUE120should start the
inactivityTimerandstayawakewhile that timer is running.
[0052] According to some third embodiments herein
the UE 120 may start one or more certain timer, such as
e.g. the inactivity timer or a DRX retransmission timer, at
a first point in time (relative to an event) if the UE 120 has
been awake for more than a time TC, while starting the
timer(s) at a second point in time (relative to an event) if
the UE 120 has been awake for less than a time TC. This
would allow the UE 120 to apply a delayed starting of a
timer if the UE 120 woke up recently, i.e. less than a time
TC ago.
[0053] Anexample of this is shown infigure 4b,where
T=2 and the inactivity timer duration is 3 TTls. If the UE

5

10

15

20

25

30

35

40

45

50

55



7

11 EP 4 064 597 B1 12

120 gets an UL grant in TTI N, the UE 120 will apply a
delayed starting of inactivityTimer since the UE 120 has
not been awake for 2 TTls. In this example the timer will
be started in TTI N+2. However for the second time the
UE120 receivesagrant (inTTIN+4) theUE120hasbeen
awake for 2 TTls and hence applies another starting-time
for the inactivityTimer and in this example theUE120 (re)
starts the inactivity timer directly without any delay.
[0054] In some embodiments, when the UE 120 ap-
plies a delayed starting of the timer, such as e.g. the
inactivity timer or aDRX retransmission timer, theUE120
may adjust the timer duration. The benefit of this is that
the expiry of the timer may be the same regardless if the
UE 120 did a delayed start or a non-delayed start. For
example, if the UE 120 has delayed the starting of a timer
T1secondsand thedurationof the timer isT2, theUE120
may adjust the duration of the timer to be T2-T1 which
ensures that the timer would end at T2 regardless if the
UE120did a delayedor non-delayed starting of the timer.
[0055] In the example scenario as described in figure 5
and with the behavior as described, as described above,
if the UE 120 receives a grant in TTI N+2 the UE 120
would not have been awake for more than 2 TTls since
the UE 120may just have started the inactivityTimer and
hence just entered the "awake"-state. Therefore, accord-
ing to the embodiment described above, the UE 120may
apply a delayed start of the inactivityTimer. However,
since the UE 120 received a grant in TTI N it may be
so that the UE 120 could apply a non-delayed starting of
the timer(s). Hence, in one embodiment the UE 120may
apply a delayed start of the timer if the UE 120 has not
been activemore than a certain timeT3ago. If T3 is set to
e.g. 5 TTls this would ensure that if the UE 120 has been
awake recently (less than 5 TTls ago) then the UE 120
may apply a non-delayed starting of the timer.

Embodiment D:

[0056] A network node 110, such as e.g. an eNB,
indicates to the UE 120 that the eNB wants the UE 120
to exit from aDRX state, which is to enter an awake state
froma sleeping state. Thiswill for simplicity be referred to
as a "wake up"-message. This "wake up"-message may
be a message which does not require heavy processing
and hence may be decoded by the UE 120 with a limited
power consumption. If it e.g. is possible to decode the
message very quickly, it may be possible to decode the
message without too tight time requirements.
[0057] In response to receiving the wake up-message
the UE 120 is required to exit from a DRX state.
[0058] The UE 120 is required to exit the DRX state
within a certain period of time TWU after receiving/decod-
ing the "wake up"-message.
[0059] With a short value TWU the UE 120 would be
required to quickly wake up which may not allow the UE
120 to save a lot of power since the UE 120 may not be
able to turn off somecomponentswithin theUE120since
some components may not be possible to turn on/off

quickly. However, with a short value TWU it would be a
smaller delay for exiting theDRXstate and hence latency
for starting communication could be lower which may
improve performance in terms of user experience, sys-
tem capacity, etc.
[0060] On theother hand,with a long valueTWU theUE
120may be able to savemore power since it may be able
to turn off more components in the UE 120 and hence
save more power. This may however result in longer
delay for waking up and hence longer delay is induced
for starting communication which may impair user ex-
perience, system capacity, etc.
[0061] The value TWU may be specified in a specifica-
tionandmay for examplebeacertainnumberofTTls, or a
certain number of milliseconds, etc. Another possibility is
that the value TWU is configured by the network. The
network could determineasuitable valueTWUdepending
on the situation. If for example it is important to quickly
start communication a short TWU could be configured,
while if power savings in the UE 120 is more important a
longer TWU could be configured.
[0062] In one embodiment herein, the wake up mes-
sage may be indicated in a Downlink Control Indicator
(DCI) of a physical control channel. In this case, the UE
120 may not be required to receive data channel if it has
been sleeping recently. The physical data channel may
be used to indicate pure wakeup signal or wakeup signal
together with scheduling grant or assignment to be valid
in near future.
[0063] In one embodiment, theUE120only required to
monitor physical control signals indicating UL schedul-
ing. Thismeans that theUE120does not need tomonitor
and decode downlink data channels at all when it has
been sleeping. This behavior can be applicable for the
scenario when the UE 120 has been inactive over time
period TD. Alternatively the UE 120 may monitor control
signaling related to only UL during an OnDuration of the
long DRX cycle. The OnDuration timer and the cycle for
theUL related receptionmaybeseparately configuredby
the network.
[0064] In the above it has been assumed that the UE
120 monitors the "wake up" message when it is in Active
Time. In one embodiment herein the eNB may provide a
configuration indicating when the UE 120 shall monitor
the "wake up" message. This may be a periodically
occurring time duration and may be configured by a
periodicity, and monitoring-duration which indicates for
how long (each period) that the UE 120 shall monitor for
themessage. In addition an offsetmay be provided to the
configuration indicating when, in relation to a reference,
such as e.g. SystemFrameNumber (SFN) 0, the UE 120
monitoring-durations should occur/start.
[0065] It should be appreciated that even with the
above described explicit configuration for when the UE
120 shall monitor for the "wake up"message, the UE 120
may also monitor for the "wake up" message in other
times, such as e.g. according to the DRX configuration.
[0066] Figure 5 discloses a flowchart depicting embo-
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diments of amethod performed by the network node 110,
for handling DRX operation.
[0067] Action 501: The network node 110may send a
configuration message to the UE 120. The configuration
messagemay comprise information regarding actions to
be delayed by the UE 120. The message may comprise
information about which action or which actions to apply
the delay to, the amount of time the action(s) should be
delayed and/or conditions for when the delays should be
applied. In some embodiments the action may be a
decoding of a received signal, the information may e.g.
comprise a decoding delay to be applied to signals re-
ceived by the UE 120 during a predetermined first time
period from the entering of an active state. The active
state may be a semi-awake state in which the UE listens
for a specific signal which may be received using only a
part of a radio unit. The specific signal may e.g. be a
signal which is easy to decode.

Conditional applying of behaviors:

[0068] Whether the UE 120 applies the behaviors ac-
cording to the embodiments A to D described herein,
such as e.g. slow decoding, delayed timer start, etc., or
not may be configured by the network, e.g. by means of
the network node 110. This may e.g. be configured using
RRC signaling. The network may determine whether to
configure the behaviors described herein for the UE 120
based onwhich traffic theUE120 has active, which types
of bearers the UE 120 has active, the need for power
savings for the UE 120, etc.
[0069] For example, if the network determines that the
UE 120 has a voice-bearer configured/active, then there
is a chance that voice-traffic may arrive to the UE 120.
Hence it may be critical that the UE 120wakes up quickly
and quickly decodes traffic, since voice traffic may have
tight delay-requirements. Hence, in this scenario the
network may configure that the UE 120 should not apply
slow decoding. This configuration may be performed by
sending the configuration message as described in Ac-
tion 501.
[0070] According to another embodiment, the UE 120
mayapplydifferentbehaviorsdependingonwhich typeof
DRX-cycle theUE120 is applying. For example, if theUE
120 is applying a long DRX-cycle, the UE 120 may apply
behaviors which the UE 120 does not apply when apply-
ingashortDRX-cycle.This isbeneficial since longDRX is
in general a state where more power should be saved
since this is the state when the UE 120 does not get
frequent data transmissions and hence delay may be
acceptable. Hence, the UE 120 may apply features de-
scribed above to reduce the power consumption. It may
further be specified in a specification that one or more of
the behaviors described above is applied when the UE
120 applies a certain type of DRX-cycle. According to
another embodiment, the network may configure, de-
pending on the type of DRX-cycle, which behavior(s)
the UE 120 shall apply.

DRX configuration adjustment:

[0071] By applying one or more of the embodiments
herein, the delay for communicating a packet may be
increased which may negatively impact user experience
and system efficiency.
[0072] In some embodiments, to avoid this, a DRX
configuration may therefore be adjusted to reduce the
delay. This may e.g. be done to compensate for the
potential longer delay.
[0073] This may be performed by a network node 110,
such as e.g. an eNB, configuring a DRX configuration for
the UE 120 which makes the UE 120 wake up earlier if it
applies theembodimentsdescribedherein. For example,
theeNBmayconfigure theUE120 toapplyashorterDRX
periodicity. This would then make the UE 120 wake up
more frequently. Consider for example if the "wake up"
message is applied where the UE requires an explicit
indication to really wake up and the UE 120 is given a
certain timeTWU toactuallywakeup from thepoint in time
in which the "wake up" message was received. In this
case, therewould be a delay of time TWU from the point in
time where the UE 120 receives the "wake up" message
until the UE 120 actually wakes up. When comparing a
legacyUEA (not applying the "wake up"message) with a
UE B which requires a "wake up" message to wake up, it
would take an additional time TWU to wake up the UE B
compared toUEA, sinceUEA is awake directly while UE
Bneedsa timeTWU towake up.Hence, the network node
110, such as the eNB,may configure theUEB towake up
earlier and/ormore frequently, in order to compensate for
this additional delay. This configuration may also be
performed by sending the configuration message as
described in Action 501.

UE capabilities:

[0074] Since it may be implementation dependent
whether the UE 120 is able to perform, or benefit from,
the behaviors described above, the UE 120may indicate
to the network if it supports one or more of the behaviors
described herein. The network node 110, such as an
eNB, may then consider this when determining whether
to configure these behaviors for the UE 120.
[0075] Applying the delays as disclosed in the embodi-
ments described above, has the advantage that the UE
120 may avoid starting up all components every time it
enters the onDuration which leads to a reduction of the
power consumption of the UE 120.
[0076] It should be noted that the embodiments de-
scribed herein are notmutually exclusive, rather they can
be combined in any suitable manner.
[0077] Fig. 6 is a block diagram depicting the UE 120
for performing the method for handling DRX operation.
TheUE120maycompriseaprocessor601, suchase.g.
a processing circuitry, configured to perform the method
as described herein, as performed by the UE 120.
Dashed lines of a box in Figure 6 indicate that this box

5

10

15

20

25

30

35

40

45

50

55



9

15 EP 4 064 597 B1 16

is not mandatory and relate to some embodiments only.
[0078] The UE 120 is configured to apply a delay for at
least one action performed as a response to data and/or
signaling received by theUE120 during apredefined first
time period after the UE 120 has entered an active state.
[0079] TheUE120may further beconfigured toapplya
first decoding (D1) delay for signals received by the UE
120 during a predetermined first time period from the
entering of the active state when the action is a decoding
of a received signal. The first decoding delay (D1) is a
longer decoding delay and the second decoding delay
(D2) is a shorter decoding delay. Hence, the first decod-
ing delay (D1) is an increased decoding delay in compar-
ison to a second decoding delay (D2).
[0080] In some embodiments the UE 120 may further
be configured to reduce or to remove the coding delay
when the time from entering the active state has ex-
ceeded the predetermined first time limit.
[0081] The UE 120 may further be configured to apply
the increased decoding delay only for data received
during the active state.
[0082] The UE 120 may further be configured to delay
the transmission of HARQ feedback for Downlink (DL)
and/or UpLink (UL) data during a predetermined second
time period after the UE 120 has entered the active state.
[0083] TheUE120may further be configured to omit to
send a HARQ feedback for DownLink, DL, and/or Up-
Link, UL data during the predetermined second time
period after the UE 120 has entered the active state.
[0084] TheUE120may further beconfigured toapplya
delayed starting of the timer, such as the inactivity timer,
during a predetermined third time period after theUE120
has entered the active state.
[0085] The UE 120 may further be configured to apply
an adjusted duration of the timer, such as the inactivity
timer, when a delayed starting of the timer has been
applied.
[0086] The UE 120 may further be configured to re-
ceive an indication from the network node 110, indicating
that the UE 120 shall enter an awake state when it has
been sleeping, and wherein the UE 120 may further be
configured to apply a delay to the entering of the awake
DRX state when the UE 120 has received an indication
from the network node 110 that theUE120 shall enter the
awake state.
[0087] The UE 120 may further be configured to re-
ceive a message from a network node 110, which mes-
sage comprises information regarding the actions to be
delayed, and wherein the UE 120 may further be config-
ured to apply the delay according to the information
comprised in the message.
[0088] The UE 120 may further comprise a memory
602.Thememory 602may comprise one ormore units to
be used to store data on, such as system information,
applications to perform the methods disclosed herein
when being executed, and similar.
[0089] The methods according to the embodiments
described herein for the UE 120 may respectively be

implemented by means of e.g. a computer program
603 or a computer program product, comprising instruc-
tions, i.e., software code portions, which, when executed
on at least one processor, cause the at least one pro-
cessor to carry out the actions described herein, as
performed by the determining module. The computer
program 603 may be stored on a computer-readable
storage medium 604, e.g. a disc or similar. The com-
puter-readable storage medium 604, having stored
thereon the computer program, may comprise the in-
structions which, when executed on at least one proces-
sor, cause the at least one processor to carry out the
actions described herein, as performed by theUE120. In
some embodiments, the computer-readable storage
medium may be a non-transitory computer-readable
storage medium.
[0090] The embodiments herein may be implemented
throughoneormoreprocessors, suchas theprocessor in
the UE 120 depicted in Figure 6, and/or a processor in a
network node together with computer program code for
performing the functions andactions of the embodiments
herein. The program codementioned abovemay also be
provided as a computer program product, for instance in
the form of a data carrier carrying computer program
code for performing the embodiments herein when being
loaded into the UE and/or the network node. One such
carriermay be in the formof aCDROMdisc. It is however
feasible with other data carriers such as a memory stick.
The computer program code may furthermore be pro-
vided as pure program code on a server and downloaded
to the UE and/or the network node.
[0091] According to a possible implementation, shown
in Figure 7, the UE 120 may comprise a delay module
701, a receiving module 702, a processing module
703 and/or a transmitting module 704 configured for
performing the method described herein, as performed
by the UE 120.
[0092] In some embodiments, the UE 120 may com-
prise the delay module 701 being configured to apply a
delay for at least one action performed as a response to
data and/or signaling received by the UE 120 during a
predefined first time period after the UE 120 has entered
an active state.
[0093] In some embodiments, the UE 120 may com-
prise the delay module 701 further being configured to
apply a first decoding (D1) delay for signals received by
the UE 120 during a predetermined first time period from
the entering of the active state when the action is a
decoding of a received signal. The delay module 701
may further being configured to, reduce or to remove the
coding delaywhen the time fromentering the active state
has exceeded the predetermined first time limit.
[0094] In some embodiments the delay module 701
may further being configured to apply the increased
decoding delay only for data received during the active
state.
[0095] In some embodiments the UE 120 may com-
prise the delay module 701 or the transmitting module
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704 being configured to delay the transmission of HARQ
feedback for DownLink (DL) and/or UpLink (UL) data
during a predetermined second time period after the
UE 120 has entered the active state.
[0096] In some embodiments the delay module 701
may further be configured to omit to send a HARQ feed-
back forDownLink,DL,and/orUpLink,ULdataduring the
predetermined second time period after the UE 120 has
entered the active state.
[0097] In some embodiments the delay module 701
may further be configured to apply a delayed starting of
the timer, such as the inactivity timer, during a predeter-
mined third time period after the UE 120 has entered the
active state.
[0098] In some embodiments the delay module 701
may furtherbeconfigured toapplyanadjusteddurationof
the timer, such as the inactivity timer, when a delayed
starting of the timer has been applied.
[0099] In some embodiments the UE 120 may com-
prise the receiving module 702 being configured to re-
ceive an indication from the network node 110 indicating
that the UE 120 shall enter an awake state when it has
been sleeping. The UE 120 may further comprise a
processing module 703 or the delay module 701 further
being configured to apply a delay to the entering of the
awake DRX state when the receiving module has re-
ceived an indication from the network node 110 that the
UE 120 shall enter the awake state.
[0100] In some embodiments the receiving module
702 may further be configured to, receive a message
from a network node 110, which message comprises
information regarding the actions to be delayed. The
delay module 701 may further be configured to, apply
the delay according to the information comprised in the
message.
[0101] As will be readily understood by those familiar
with communications design, that functions means or
modules described herein may be implemented using
digital logic and/or one or more microcontrollers, micro-
processors, or other digital hardware. In some embodi-
ments, several or all of the various functions may be
implemented together, such as in a single application-
specific integrated circuit (ASIC), or in two or more se-
parate devices with appropriate hardware and/or soft-
ware interfaces between them. Several of the functions
may be implemented on a processor shared with other
functional components of a network node, for example.
[0102] Alternatively, several of the functional elements
of the processing means discussed may be provided
through the use of dedicated hardware, while others
are provided with hardware for executing software, in
association with the appropriate software or firmware.
Thus, the term "processor" or "controller" as used herein
does not exclusively refer to hardware capable of ex-
ecuting software and may implicitly include, without lim-
itation, digital signal processor (DSP) hardware, read-
onlymemory (ROM) for storing software, random-access
memory for storing software and/or program or applica-

tion data, and nonvolatile memory. Other hardware, con-
ventional and/or custom, may also be included. De-
signers of network nodes will appreciate the cost, per-
formance, and maintenance trade-offs inherent in these
design choices.
[0103] Fig. 8 is a block diagram depicting the network
node 110 for performing the method for handling DRX
operation. The network node 110 may comprise a pro-
cessor801, such as e.g. a processing circuitry,, config-
ured to perform the method as described herein, as
performed by the network node 110. Dashed lines of a
box in Figure 8 indicate that this box is notmandatory and
relate to some embodiments only.
[0104] The network node 110 is configured to send a
configuration message to the UE 120, which message
comprises information regardingactions tobedelayedby
the UE 120.
[0105] In some embodiments, the network node 110
may be configured to send a configuration message to
the UE 120, which message comprises information re-
garding actions to be delayed by the UE 120.
[0106] The network node 110 may further comprise a
memory 802. The memory 802 may comprise one or
more units to be used to store data on, such as system
information, applications to perform the methods dis-
closed herein when being executed, and similar.
[0107] The methods according to the embodiments
described herein for the network node 110 may respec-
tively be implemented by means of e.g. a computer
program 803 or a computer program product, compris-
ing instructions, i.e., software codeportions,which,when
executed on at least one processor, cause the at least
one processor to carry out the actions described herein,
as performed by the network node. The computer pro-
gram 803 may be stored on a computer-readable sto-
rage medium 804 e.g. a disc or similar. The computer-
readable storagemedium 805 having stored thereon the
computer program, may comprise instructions which,
when executed on at least one processor, cause the at
least one processor to carry out the actions described
herein, as performed by the network node. In some
embodiments, the computer-readable storage medium
may be a non-transitory computer-readable storage
medium.
[0108] Alternatively, several of the functional elements
of the processing means discussed may be provided
through the use of dedicated hardware, while others
are provided with hardware for executing software, in
association with the appropriate software or firmware.
Thus, the term "processor" or "controller" as used herein
does not exclusively refer to hardware capable of ex-
ecuting software and may implicitly include, without lim-
itation, digital signal processor (DSP) hardware, read-
onlymemory (ROM) for storing software, random-access
memory for storing software and/or program or applica-
tion data, and nonvolatile memory. Other hardware, con-
ventional and/or custom, may also be included. De-
signers of network nodes will appreciate the cost, per-
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formance, and maintenance trade-offs inherent in these
design choices.
[0109] The embodiments herein may be implemented
through one or more processors, such as the processor
network node 110 depicted in Figure 8 together with
computer program code for performing the functions
and actions of the embodiments herein. The program
code mentioned above may also be provided as a com-
puter program product, for instance in the form of a data
carrier carrying computer program code for performing
the embodiments herein when being loaded into the UE
and/or the network node. One such carrier may be in the
form of a CD ROM disc. It is however feasible with other
data carriers such as a memory stick. The computer
program code may furthermore be provided as pure
program code on a server and downloaded to the UE
and/or the network node.
[0110] According to a possible implementation, shown
in Figure 9, the network node 110 may comprise a
sending module 902 being configured to send a con-
figuration message to the UE 120, which message com-
prises information regarding actions to be delayed by the
UE 120.
[0111] As will be readily understood by those familiar
with communications design, that functions means or
modules described herein may be implemented using
digital logic and/or one or more microcontrollers, micro-
processors, or other digital hardware. In some embodi-
ments, several or all of the various functions may be
implemented together, such as in a single application-
specific integrated circuit (ASIC), or in two or more se-
parate devices with appropriate hardware and/or soft-
ware interfaces between them. Several of the functions
may be implemented on a processor shared with other
functional components of a network node, for example.
[0112] Thus, the methods according to the embodi-
ments described herein performed by the UE 120 and/or
thenetworknode110maybe implementedbymeansof a
computer program product, comprising instructions, i.e.
software codeportions,which,whenexecuted onat least
one processor, cause the at least one processor to carry
out the actions described herein, as performed by theUE
120and/or the network node110. The computer program
product may be stored on a computer-readable storage
medium. The computer-readable storage medium, hav-
ing stored there on the computer program,may comprise
the instructions which, when executed on at least one
processor, cause the at least one processor to carry out
theactionsdescribedherein, asperformedby theUE120
and/or the network node 110. In some embodiments, the
computer-readable storage medium may be a non-tran-
sitory computer-readable storage medium.
[0113] The UE 120 and/or the network node 110 may
further eachcompriseamemorycomprisingoneormore
memory units. The memory is arranged to be used to
store obtained information such as indications of a mo-
bility set, identifiers of APs and WLANs, identifiers of
UEs, ciphering keys,measurementsof signals from radio

access nodes,measurement reports or parts thereof and
applications etc. to perform the methods herein when
being executed in the UE and/or the network node.
[0114] In some embodiments, a computer program
comprises instructions, which when executed by the at
least one processor such as the processor 601 and/or
801, cause the at least one processor 601 and/or 801 to
perform actions according to any of the above Actions.
[0115] In some embodiments, a carrier comprises the
computer program, wherein the carrier is one of an
electronic signal, an optical signal, an electromagnetic
signal, a magnetic signal, an electric signal, a radio
signal, a microwave signal, or a computer-readable sto-
rage medium.

Claims

1. A method, performed by a User Equipment, UE, for
handling discontinuous reception, DRX, operation,
wherein the method comprises:
receiving a wake up message from a network node
while the UE is in a sleeping state, wherein the wake
up message indicates that the UE is required to exit
the sleeping stateandenteringanawake statewithin
a certain period of time after receiving or decoding
the wake up message introducing a delay of time,
TWU, from thepoint in timewhere theUE receives the
wake up message until the UE actually wakes up.

2. The method of claim 1, wherein the wake up mes-
sage is indicated in a downlink control indicator, DCI
of a physical control channel, such that tomonitor the
wake up message:

the UE is only required to monitor physical con-
trol channels indicating uplink scheduling, and
exclude downlink data channels from monitor-
ing and decoding while the UE is in the DRX
sleep state, or
the UE is only required to monitor the physical
control channels indicating uplink scheduling
during an OnDuration of a DRX cycle.

3. The method of claim 1, wherein the method further
comprises:
receiving, from the network node, a configuration
indicating when the UE should expect receiving
the wake up message.

4. The method of claim 3, wherein the configuration
comprises an offset indicating when, in relation to a
reference, monitoring durations should start.

5. A method, performed by a network node, for hand-
ling discontinuous reception, DRX, operation,
wherein the method comprises:
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sending a wake up message to a User Equip-
ment, UE, while the UE is in a sleeping state,
wherein thewake upmessage indicates that the
UE is required to exit the sleeping state and
entering an awake state within a certain period
of time after receiving or decoding the wake up
message introducing a delay of time, TWU, from
thepoint in timewhere theUE receives thewake
up message until the UE actually wakes up.

6. The method of claim 5, wherein the wake up mes-
sage is indicated in a downlink control indicator, DCI
of a physical control channel, such that tomonitor the
wake up message:

the UE is only required to monitor physical con-
trol channels indicating uplink scheduling, and
exclude downlink data channels from monitor-
ing and decoding while the UE is in the sleeping
state, or
the UE is only required to monitor the physical
control channels indicating uplink scheduling
during an OnDuration of a DRX cycle.

7. The method of claim 5, wherein the method further
comprises:
sending, to the UE, a configuration indicating when
the UE should expect receiving the wake up mes-
sage.

8. The method of claim 7, wherein the configuration
comprises an offset indicating when, in relation to a
reference, monitoring durations should start.

9. A User Equipment, UE, for handling discontinuous
reception, DRX, operation comprising a processor
and a memory, said memory containing instructions
executable by said processor whereby said UE is
configured to:
receive a wake up message from a network node
while the UE is in a sleeping state, wherein the wake
up message indicates that the UE is required to exit
the sleeping stateandenteringanawake statewithin
a certain period of time after receiving or decoding
the wake up message introducing a delay of time,
TWU, from thepoint in timewhere theUE receives the
wake up message until the UE actually wakes up.

10. The UE of claim 9, wherein the UE is configured to
perform the method according to any of the claims
2‑4.

11. A network node, for handling discontinuous recep-
tion, DRX, operation comprising a processor and a
memory, said memory containing instructions ex-
ecutable by said processor whereby said network
node is configured to:

send a wake up message to a User Equipment,
UE, while the UE is in a sleeping state,
wherein thewake upmessage indicates that the
UE is required to exit the sleeping state and
entering an awake state within a certain period
of time after receiving or decoding the wake up
message introducing a delay of time, TWU, from
thepoint in timewhere theUE receives thewake
up message until the UE actually wakes up.

12. The network node of claim 11, wherein the network
node is configured to perform the method according
to any of the claims 6‑8.

13. A computer program, comprising instructions,
which, when executed on at least one processor,
cause the at least one processor to carry out the
method according to any of the claims 1‑8 as per-
formed by the UE and the network node, respec-
tively.

14. Acomputer-readable storagemediumhaving stored
thereon the computer program of claim 13.

Patentansprüche

1. Verfahren, das durch ein Benutzergerät (User
Equipment -UE)durchgeführtwird, zumHandhaben
eines unkontinuierlichen Empfangs(DRX)‑Vor-
gangs, wobei das Verfahren Folgendes umfasst:
Empfangen einer Aufwecknachricht von einem
Netzwerkknoten, während sich das UE in einem
Ruhezustand befindet, wobei die Aufwecknachricht
angibt, dass das UE den Ruhezustand verlassen
und innerhalb einer gewissen Zeitspanne nach
dem Empfangen oder Dekodieren der Aufweck-
nachricht in einen Wachzustand eintreten muss,
wodurch eine Zeitverzögerung (TWU) von dem Zeit-
punkt, an dem das UE die Aufwecknachricht emp-
fängt, bis zu dem tatsächlichen Aufwachen des UE
eingeführt wird.

2. Verfahren nach Anspruch 1, wobei die Aufweck-
nachricht in einemDownlink-Steuerindikator (down-
link control indicator - DCI) eines physischenSteuer-
kanals angegeben wird, sodass zum Überwachen
der Aufwecknachricht:

das UE nur physische Steuerkanäle überwa-
chen muss, die eine Uplink-Planung angeben,
und Downlink-Datenkanäle von der Überwa-
chung und Dekodierung ausschließen muss,
während sich dasUE indemDRX-Ruhezustand
befindet, oder
das UE nur die physischen Steuerkanäle über-
wachen muss, die die Uplink-Planung während
einer onDuration eines DRX-Zyklus angeben.
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3. Verfahren nach Anspruch 1, wobei das Verfahren
ferner Folgendes umfasst:
Empfangen, von dem Netzwerkknoten, einer Konfi-
guration, die angibt, wann das UE das Empfangen
der Aufwecknachricht erwarten sollte.

4. VerfahrennachAnspruch3,Wobei dieKonfiguration
einen Versatz umfasst, der angibt, wann in Bezug
auf eine Referenz Überwachungslaufzeiten begin-
nen sollen.

5. Verfahren, das durch einen Netzwerkknoten durch-
geführt wird, zum Handhaben eines unkontinuier-
lichen Empfangs(DRX)‑Vorgangs, wobei das Ver-
fahren Folgendes umfasst:

Senden einer Aufwecknachricht an ein Benut-
zergerät (UE), während sich das UE in einem
Ruhezustand befindet,
wobei die Aufwecknachricht angibt, dass das
UE den Ruhezustand verlassen und innerhalb
einer gewissen Zeitspanne nach dem Empfan-
gen oder Dekodieren der Aufwecknachricht in
einen Wachzustand eintreten muss, wodurch
eine Zeitverzögerung (TWU) von dem Zeitpunkt,
an demdasUEdieAufwecknachricht empfängt,
bis zu dem tatsächlichen Aufwachen des UE
eingeführt wird.

6. Verfahren nach Anspruch 5, wobei die Aufweck-
nachricht in einem Downlink-Steuerindikator (DCI)
eines physischen Steuerkanals angegeben wird,
sodass zum Überwachen der Aufwecknachricht:

das UE nur physische Steuerkanäle überwa-
chen muss, die eine Uplink-Planung angeben,
und Downlink-Datenkanäle von der Überwa-
chung und Dekodierung ausschließen muss,
während sich das UE in dem Ruhezustand be-
findet, oder
das UE nur die physischen Steuerkanäle über-
wachen muss, die die Uplink-Planung während
einer onDuration eines DRX-Zyklus angeben.

7. Verfahren nach Anspruch 5, wobei das Verfahren
ferner Folgendes umfasst:
Senden, an das UE, einer Konfiguration, die angibt,
wann das UE das Empfangen der Aufwecknachricht
erwarten sollte.

8. Verfahren nach Anspruch 7, wobei die Konfiguration
einen Versatz umfasst, der angibt, wann in Bezug
auf eine Referenz Überwachungslaufzeiten begin-
nen sollen.

9. Benutzergerät (UE) zum Handhaben eines unkonti-
nuierlichen Empfangs(DRX)‑Vorgangs, umfassend
einen Prozessor und einen Speicher, wobei der

Speicher Anweisungen enthält, die durch den Pro-
zessorausführbar sind,wobei dasUEzuFolgendem
konfiguriert ist:
Empfangen einer Aufwecknachricht von einem
Netzwerkknoten, während sich das UE in einem
Ruhezustand befindet, wobei die Aufwecknachricht
angibt, dass das UE den Ruhezustand verlassen
und innerhalb einer gewissen Zeitspanne nach
dem Empfangen oder Dekodieren der Aufweck-
nachricht in einen Wachzustand eintreten muss,
wodurch eine Zeitverzögerung (TWU) von dem Zeit-
punkt, an dem das UE die Aufwecknachricht emp-
fängt, bis zu dem tatsächlichen Aufwachen des UE
eingeführt wird.

10. UE nach Anspruch 9, wobei das UE konfiguriert ist,
um das Verfahren nach einem der Ansprüche 2‑4
durchzuführen.

11. Netzwerkknoten zum Handhaben eines unkonti-
nuierlichen Empfangs(DRX)‑Vorgangs, umfassend
einen Prozessor und einen Speicher, wobei der
Speicher Anweisungen enthält, die durch den Pro-
zessor ausführbar sind, wobei der Netzwerkknoten
konfiguriert ist zum:

Senden einer Aufwecknachricht an ein Benut-
zergerät (UE), während sich das UE in einem
Ruhezustand befindet,
wobei die Aufwecknachricht angibt, dass das
UE den Ruhezustand verlassen und innerhalb
einer gewissen Zeitspanne nach dem Empfan-
gen oder Dekodieren der Aufwecknachricht in
einen Wachzustand eintreten muss, wodurch
eine Zeitverzögerung (TWU) von dem Zeitpunkt,
an demdasUEdieAufwecknachricht empfängt,
bis zu dem tatsächlichen Aufwachen des UE
eingeführt wird.

12. Netzwerkknoten nach Anspruch 11, wobei der Netz-
werkknoten konfiguriert ist, um das Verfahren nach
einem der Ansprüche 6‑8 durchzuführen.

13. Computerprogramm, umfassendAnweisungen, die,
wenn sie auf mindestens einem Prozessor ausge-
führt werden, den mindestens einen Prozessor ver-
anlassen, das Verfahren nach einem der Ansprüche
1‑8 auszuüben, wie es durch das UE bzw. den Netz-
werkknoten ausgeführt wird.

14. Computerlesbares Speichermedium, auf dem das
Computerprogramm nach Anspruch 13 gespeichert
ist.

Revendications

1. Procédé, réalisé par un équipement utilisateur, UE,
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pour la gestion d’une opération de réception discon-
tinue, DRX, dans lequel le procédé comprend :
la réception d’un message de réveil à partir d’un
nœud de réseau pendant que l’UE est dans un état
de veille, dans lequel le message de réveil indique
que l’UEest tenudesortir de l’état deveille et d’entrer
dans un état de réveil dans un certain laps de temps
après la réception ou le décodage du message de
réveil, introduisant un retard de temps, TWU, à partir
du moment où l’UE reçoit le message de réveil
jusqu’à ce que l’UE se réveille réellement.

2. Procédé selon la revendication 1, dans lequel le
message de réveil est indiqué dans un indicateur
de commande de liaison descendante, DCI, d’un
canal de commande physique, de sorte que pour
surveiller le message de réveil :

l’UE est uniquement tenu de surveiller les ca-
naux de commande physiques indiquant une
planification de liaison montante, et d’exclure
les canaux de données de liaison descendante
à partir de la surveillance et du décodage pen-
dant que l’UEest dans l’état de veille deDRX, ou
l’UE est uniquement tenu de surveiller les ca-
naux de commande physiques indiquant une
planification de liaison montante pendant une
durée d’activation d’un cycle de DRX.

3. Procédé selon la revendication 1, dans lequel le
procédé comprend en outre :
la réception, depuis le nœud de réseau, d’une confi-
guration indiquant quand l’UE doit s’attendre à re-
cevoir le message de réveil.

4. Procédé selon la revendication 3, dans lequel la
configuration comprend un décalage indiquant
quand, par rapport à une référence, les durées de
surveillance doivent commencer.

5. Procédé, réalisé par un nœud de réseau, pour la
gestion d’une opération de réception discontinue,
DRX, dans lequel le procédé comprend :
l’envoi d’un message de réveil à un équipement
utilisateur, UE, pendant que l’UE est dans un état
de veille, dans lequel le message de réveil indique
que l’UEest tenudesortir de l’état deveille et d’entrer
dans un état de réveil dans un certain laps de temps
après la réception ou le décodage du message de
réveil, introduisant un retard de temps, TWU, à partir
du moment où l’UE reçoit le message de réveil
jusqu’à ce que l’UE se réveille réellement.

6. Procédé selon la revendication 5, dans lequel le
message de réveil est indiqué dans un indicateur
de commande de liaison descendante, DCI d’un
canal de commande physique, de sorte que pour
surveiller le message de réveil :

l’UE est uniquement tenu de surveiller les ca-
naux de commande physiques indiquant une
planification de liaison montante, et d’exclure
les canaux de données de liaison descendante
à partir de la surveillance et du décodage pen-
dant que l’UE est dans l’état de veille, ou
l’UE est uniquement tenu de surveiller les ca-
naux de commande physiques indiquant une
planification de liaison montante pendant une
durée d’activation d’un cycle de DRX.

7. Procédé selon la revendication 5, dans lequel le
procédé comprend en outre :
l’envoi, à l’UE, d’une configuration indiquant le mo-
mentoù l’UEdoit s’attendreà recevoir lemessagede
réveil.

8. Procédé selon la revendication 7, dans lequel la
configuration comprend un décalage indiquant le
moment où, par rapport à une référence, les durées
de surveillance doivent commencer.

9. Équipement utilisateur, UE, pour la gestion d’une
opération de réception discontinue, DRX, compre-
nant un processeur et une mémoire, ladite mémoire
contenant des instructions exécutables par ledit pro-
cesseur, ledit UE étant configuré pour :
recevoir un message de réveil à partir d’un nœud de
réseau pendant que l’UE est dans un état de veille,
dans lequel lemessagede réveil indiqueque l’UEest
tenu de quitter l’état de veille et d’entrer dans un état
de réveil dans un certain laps de temps après la
réception ou le décodage du message de réveil,
introduisant un retard de temps, TWU, à partir du
moment où l’UE reçoit le message de réveil jusqu’à
ce que l’UE se réveille réellement.

10. UE selon la revendication 9, dans lequel l’UE est
configuré pour réaliser le procédé selon l’une quel-
conque des revendications 2 à 4.

11. Nœud de réseau, pour la gestion d’une opération de
réception discontinue, DRX, comprenant un proces-
seur et une mémoire, ladite mémoire contenant des
instructions exécutables par ledit processeur, ledit
nœud de réseau étant configuré pour :

envoyer un message de réveil à un équipement
utilisateur, UE, pendant que l’UE est dans un
état de veille,
dans lequel le message de réveil indique que
l’UE est tenu de sortir de l’état de veille et d’en-
trer dans un état de réveille dans un certain laps
de temps après la réception ou le décodage du
message de réveil introduisant un retard de
temps, TWU, à partir du moment où l’UE reçoit
le message de réveil jusqu’à ce que l’UE se
réveille réellement.
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12. Nœud de réseau selon la revendication 11, dans
lequel le nœud de réseau est configuré pour réaliser
le procédé selon l’une quelconque des revendica-
tions 6 à 8.

13. Programme informatique comprenant des instruc-
tions qui, lorsqu’elles sont exécutées sur au moins
un processeur, amènent ledit au moins un proces-
seur à effectuer le procédé selon l’une quelconque
des revendications1à8 tel qu’il est réalisépar l’UEet
le nœud de réseau, respectivement.

14. Support de stockage lisible par ordinateur sur lequel
est stocké le programme informatique selon la re-
vendication 13.

5

10

15

20

25

30

35

40

45

50

55



16

EP 4 064 597 B1



17

EP 4 064 597 B1



18

EP 4 064 597 B1



19

EP 4 064 597 B1



20

EP 4 064 597 B1



21

EP 4 064 597 B1



22

EP 4 064 597 B1



23

EP 4 064 597 B1



24

EP 4 064 597 B1



25

EP 4 064 597 B1

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 2005063331 A1, KIM SO-HYUN [0010] • US 2014050133 A1, JAFARIAN AMIN [0011]

Non-patent literature cited in the description

• R2‑165572, http://www.3gpp.org/ftp/ts-
g_ran/WG2_RL2/TSGR2_95/Docs/R2-165572.zip
[0020]


	bibliography
	description
	claims
	drawings
	cited references

